SUMMIARY Cardiac size, function and rhythm were examined in 11 patients with anorexia nervosa. Mean left ventricular, left atrial and aortic dimensions on echocardiogram were below normal adult values at baseline. In addition to decreased cardiac dimensions -ventricular ectopy, relative hypotension, bradycardia and blunted heart rate -response to exercise were noted. Left ventricular systolic function, however, was unimpaired as indicated by normal echocardiographic fractional shortening, and by normal exercise augmentation of ejection fraction determined by radionuclide cineangiography. Eight of the patients responded to treatment with a mean weight gain of 32%. In these eight, cardiac dimensions increased toward normal: left ventricular dimension increased by 13%; left atrial dimension by 20%; aortic dimension by 15% and estimated left ventricular mass by 20%. We conclude that abnormalities of heart size and rhythm occur in patients with anorexia nervosa. However, cardiac dimensions, including left ventricular mass, may increase following nutritional rehabilitation, accompanied by an increase in heart rate and blood pressure.
DEATH IN ANOREXIA NERVOSA may be sudden, and the mortality rate is the highest of any psychiatric disease.' Self-enforced starvation in this condition results in severe reduction of body mass, comparable to that of famine victims.2 Despite intensive investigation of its psychiatric3 and endocrine4 5 manifestations, little has been written about the cardiovascular system in this disease, which offers a clinical model for the study of protein-calorie deprivation.
The recent development of noninvasive diagnostic techniques such as. echocardiography, radionuclide cineangiography and Holter ambulatory electrocardiographic monitoring, permit more accurate estima-tion of cardiac size, and cardiac mechanical and electrical function, than previously possible. We have used these techniques to study patients with anorexia nervosa before and after weight gain. The data from these patients may be pertinent to the potential reversibility of the effects of starvation on cardiac size and function in the victims of famine and other causes of nutritional deprivation. age from years (mean 21.7 years, median 22 years), who because of active refusal to eat had suffered a weight loss of greater than 25% of original body weight, or 15% of the ideal body weight determined from Metropolitan Life tables. All were amenorrheic following the onset of their illness for at least three months and had no evidence of organic psychiatric disease, schizophrenia or severe depression. An echocardiogram and electrocardiogram (11 patients), 24-hour ambulatory taped electrocardiogram (10 patients), and maximum exercise treadmill stress test (nine patients) were performed on entry to the study. Three patients had radionuclide cineangiograms at rest and with supine bicycle exercise. Blood pressure and heart rate were monitored in nine patients during 800 passive tilt. Following a program of psychiatric counseling and behavioral modification treatment, eight patients had a mean weight gain ( fig.  1 ) of 32% (range 20%-77%). Repeat echocardiograms were obtained after weight gain in these eight; three individuals who refused continued participation in the program were not available for further study.
Echocardiographic Techniques
Echocardiograms were performed with a 2. Gated cardiac scintigraphy was performed in three patients at rest and during supine bicycle exercise using human serum albumin labeled with 10 mCi of radioactive technetium (99mTc) administered intravenously. Global ejection fractions were calculated by computer from the time-activity curves."5
Electrocardiograms
Twelve lead electrocardiograms were obtained in each patient on admission. The QT interval was measured in standard lead II from the onset of the Q wave (or the onset of the R wave if the Q wave was absent) to the end of the T wave; three to six beats were averaged. Our measured values were compared to the normal standards of Ashman and Hull.le The QRS amplitude was judged to be diminished if the total amplitude was less than 0.5 mV in all three standard leads.17 Total electrical activity of the heart, estimated by summating the amplitude of leads I, AVF, and V, was compared in three patients in whom electrocardiograms were available after weight gain.
Holter Monitoring Ambulatory 24-hour electrocardiographic records on magnetic tape were obtained in 10 patients during normal ward activity. The playback was displayed in real time on a large screen oscilloscope for visual identification of ectopic beats and other dysrhythmia, which were subsequently tabulated by computer. limits (28-45%) of normal individuals"3 14 and showed no significant change (mean 33.5% ± 1.5 SEM) after weight gain. The mean resting ejection fraction estimated from radionuclide cineangiograms was normal in three patients before weight gain (mean 52%, normal > 45%), and increased appropriately with supine bicycle exercise (mean 64%, normal > 55%).
Heart Rate and Blood Pressure Response
The response of the systolic blood pressure and heart rate to maximal exhausting exercise was subnormal,9 with a mean increase in systolic blood pressure from 94 ± 10 SD to 127 ± 20 mm Hg and increase in heart rate from 74 ± 15 to 168 ± 10 beats/min. Body and axillary sweating were absent in these patients, despite normal ambient temperature, and their insistence on wearing moderately heavy clothing during exercise.
There was a normal 15-20% increase in heart rate and variable systolic blood pressure response to 80°of tilt, as has been noted in healthy individuals.20 Supine and standing heart rates and blood pressure before and after weight gain are shown in figure 7. Significant (P < 0.05) increases in supine and standing heart rate and supine systolic blood pressure occurred after weight gain.
Electrocardiographic Abnormalities
Exercise electrocardiography (table 3) demonstrated a short run of ventricular tachycardia (three ventricular premature beats in succession) during exercise in one individual; occasional ventricular premature beats during exercise were observed in three other patients. Twenty-four-hour Holter monitoring showed rare ventricular premature beats in the individual who had ventricular tachycardia demonstrated on exercise testing, and frequent multifocal ventricular premature beats, greater than 10 per hour, were documented in a patient who had ventricular premature beats induced with exercise.
The routine 12 lead electrocardiogram (table 3) showed an ectopic atrial focus in two patients who were identical twins. Sinus bradycardia less than 60 beats/min at rest was noted in five patients. Nonspecific repolarization changes, characterized by T wave flattening, were noted in only two individuals. Low voltage was not present in any anorexia patient; however, summated QRS voltage showed a 21%-44% increase (mean 29%) in the three patients in whom repeat electrocardiograms after weight gain were available. Prolongation of the QT interval beyond the upper limits of normal was not observed in any anorexia patient.
Discussion
Our study shows that cardiac chamber dimensions and left ventricular mass may be decreased in patients with anorexia nervosa compared with normal adults."8 In addition, cardiac dimensions are small in some anorexia patients even after correction of these While the repolarization abnormalities, diminished resting heart rate and blunted chronotropic response to exercise in some patients might be consistent with direct cardiac involvement, cardiac mechanical performance is unimpaired. Although our data do not permit us to exclude myocardial abnormality, the absence of diaphoresis with heavy exertion, and the observation of decreased plasma norepinephrine levels at supine rest, after standing, and with handgrip25 in patients with anorexia nervosa before weight gain, provide indirect evidence consistent with autonomic or neuroendocrine abnormality as sources of the electrocardiographic and heart rate findings. This speculation is somewhat strengthened by the presence of endocrine-metabolic abnormalities referrable to hypothalamic dysfunction5 in anorexia patients.
Apart from the importance of anorexia nervosa as a physically disabling psychiatric disease with high mortality, it offers a model for studying the pathophysiologic effects of nutritional deprivation in humans. While there are differences between the inanition of anorexia nervosa and that seen in famine victims, the similarities are striking.2 Bradycardia, relative hypotension, amenorrhea, decrease in basal metabolic rate, relative hypothermia, hypocholesterolemia and abnormal skin pigmentation may be observed in both conditions. Some dissimilarities, such as the decreased physical activity, muscle weakness and edema noted in involuntary starvation, but less frequently in anorexia nervosa, may be the result of the extreme differences in the social and psychological environment.
Detailed observations of the effects of starvation and subsequent nutritional rehabilitation on normal volunteers were made by Keys and coworkers.26 27 Following starvation they noted a decrease in systolic blood pressure, pulse pressure, resting heart rate, basal oxygen consumption and QRS amplitude. Starvation was associated with an increase in the absolute QT interval, but no change in the QT interval corrected for heart rate.27 Using roentgenkymography,28 decreases in systolic heart volume, stroke volume and cardiac output were observed after starvation. Following nutritional rehabilitation, all of these abnormalities approached control values. Relative changes in cardiac volume paralleled those of body weight. Similarly, proportional decreases in heart weight and body weight have been described in autopsy studies of famine victims,29-3 as well as in individuals who perished of starvation during the Nazi seige of the Warsaw ghetto in 1942.32 These data compare with our findings in anorexia nervosa, where left ventricular mass divided by body weight did not change significantly after weight gain (table 2) , despite significant increases in the absolute left ventricular mass and the left ventricular mass normalized for body surface area (left ventricular mass index).
In conclusion, the self-induced starvation of anorexia nervosa is associated with a decrease in cardiac chamber size and estimated left ventricular mass. In some patients, including several with ventricular arrhythmia, cardiac chamber size and left ventricular mass were lower than would be predicted by the even diminutive body surface areas. These parameters increase after nutritional rehabilitation. In contrast, however, left ventricular systolic function is normal and remains unchanged after weight gain. Bradycardia, relative hypotension, ventricular dysrhythmia and T wave abnormalities on the electrocardiogram occur in these patients and may be related to autonomic dysfunction.
